Aim: To explore the association of healthcare staff with factors relevant to completing observations at night.
| INTRODUC TI ON
The measurement of vital signs is an important component of patient monitoring and is crucial to the prevention of patient deterioration (Le Lagadec & Dwyer, 2017; Smith, 2010) . Many hospitals in England use specific monitoring protocols to guide the content and frequency of vital sign measurement and these protocols are based on national guidance (National Institute for Clinical Excellence, 2007) . However, studies in the UK, Australia and the USA report accuracy and compliance problems with the completion and documentation of these observations in a timely manner or at all (Tysinger, 2015) , especially at night (Griffiths, Recio Saucedo, Schmidt, & Smith, 2014) . Issues with surveillance include adherence to monitoring protocols, collection inconsistencies between patient groups, nurses' views about the importance of patient rest, the negative effects of sleep disruption and consistent implementation of early warning score systems (EWS) (Watson, Skipper, Steury, Walsh, & Levin, 2014) .
| BACKG ROU N D
The underlying reasons for the reduced frequency of measurement of vital signs on general wards at night are unclear and require exploration (Buist & Stevens, 2013) . Staffing at night is usually lower than during daytime shifts, with increased patient:staff ratios. Vital signs measurement can be time-consuming (Mok, Wang, Cooper, Ang, & Liaw, 2015; Yeung, Lapinsky, Granton, Doran, & Cafazzo, 2012) , especially when staffing is reduced (Hogan, 2006) ; challenges are further compounded by alterations in staff skill mix (Wheatley, 2006) . These obstacles may lead to reduced compliance with protocols. Adhering to protocols may conflict with other demands on staff time or be at odds with patients' other interests. For example, routine night-time vital sign monitoring interferes with sleep and sleep disruptions are associated with several adverse clinical outcomes (Sharda, Carter, Wingard, & Mehta, 2001; Yoder, Yuen, Churpek, Arora, & Edelson, 2013) .
Ward culture and shift patterns seem to play a role in the failure of staff to follow expected protocols for managing deteriorating patients (Shearer et al., 2012) . For instance, a prospective study from Scotland regarding the overnight use of a standardized Early Warning Score system in patients who were already cause for clinical concern showed that observations in a combined assessment unit were missing in 38% of patients compared with 64% in a ward covered by the Hospital at Night team. The most common signs omitted were respiratory rate, temperature and neurological status and the calculation of the total warning score also included errors (Gordon & Beckett, 2011) . A Belgian study of the introduction of a standardized nurse observation protocol, which included an EWS, found that the patient observation frequency per nursing shift was significantly lower during night shifts (De Meester et al., 2013) . Even when an electronic physiological surveillance system (EPSS) was in place to guide the timing of observations in an acute hospital in England (Schmidt et al., 2015; Smith et al., 2006) , variations were found in the level of documented observations throughout the whole 24 hours, with fewer observations being performed at night (Hands et al., 2013) . The authors noted that at night, "even observations that indicated that the patient was unwell, these were not necessarily followed by a subsequent vital signs assessment at a timely interval" (p. 4). Additionally, a qualitative study in Australia reported a tendency for nurses not to wake patients at night to do full checks of patient status (Endacott, Kidd, Chaboyer, & Edington, 2007) .
Given our poor understanding of factors that affect compliance with vital signs protocols in acute hospital settings (Smith, Recio-Saucedo, & Griffiths, 2017) , we developed and conducted a web-based survey of bedside staff about their views of taking vital signs observations at night. The aims of this study were as follows:
1. to improve the understanding of factors affecting patient surveillance at night through a description of the characteristics of bedside staff (i.e., nurses and midwives) working night shifts and their views in relation to performing vital signs observations and to explore the relationships between healthcare staff characteristics and the conduct of vital signs observations at night.
| DE S I G N
This was an exploratory descriptive study using an electronically administered survey of nurses, midwives, student nurses and healthcare assistants in a 1200-bed NHS acute general hospital Trust in the south of England. The survey was designed at the participating hospital by the Deteriorating Patient Group, a taskforce created to improve hospital practices of patient monitoring.
| ME THOD

| Survey development
The idea for the survey started in the Deteriorating Patient Group at the hospital trust where the study took place, in response to concerns about audit evidence of widespread poor practice during night-time observations. The group is mainly composed of senior nurse managers and educators responsible for improving practice on their wards. The impetus for the survey was the lack of agreement on the key factors believed to influence compliance with the observation protocol. Key issues related to in-hospital patient monitoring during the night, which had been identified through a scoping literature review , were used in the development of a web-based survey discussed and tested with the group.
Testing allowed us to clarify the survey items, confirm accurate interpretation of the survey questions and time the completion of the survey. No data were collected from this exercise as the purpose was to clarify question interpretation, assess the range of responses and confirm completeness of the topics covered in relation to the aims of the study.
A total of 35 questions exploring factors related to nurses' and midwives' views of the hospital's EWS protocol and the EPSS implemented across the hospital (VitalPAC TM , The Learning Clinic, London) were added to a web-based survey system (a local installation of SurveyMonkey) provided by the participating hospital.
Questions were aimed at capturing the views of staff providing bedside care. Survey responses were collected on a Likert-type scale with five options: -strongly agree-; -agree-; -neither agree nor disagree-; -disagree-; -strongly disagree-. The survey sought to identify staff (e.g., grade, role, experience) and environmental factors (e.g., ward culture, workload, resources) that might be associated with timely measurement of vital signs.
| Data collection
In June 2015, an email invitation to respond to the web-based survey was sent to approximately 2900 bedside staff registered in the Employee Service Record (ESR) system in the hospital. In addition, it was recognized that student nurses and some agency staff would not have email addresses issued by the hospital Trust. 
| ANALYS IS
The first stage of analysis focused on respondent characteristics, summaries of response frequencies and response consistency.
Exploratory factor analysis was used to examine the relationships between variables and the underlying structure of the survey; we identified similarities between items and performed dimensionality reduction to avoid redundancies. In addition to item reduction and correlation, factor analysis offered a way to interpret the data structure. Because the number of dimensions used to represent correlations in the data is a crucial issue in any factor analysis, we followed two techniques to resolve the issue: (a) we extracted principal components until the eigenvalue was less than 1 and (b) we used the very simple structure criterion (Revelle & Rocklin, 1979) . In the second stage of analysis, multivariate techniques were used to identify relationships between survey items and to investigate overall internal consistency/reliability on all items (acceptable internal consistency reliability at a value of ≥0.70). Using multivariable regression analysis, we related the estimated factor scores to the reported characteristics of healthcare staff: role, number of night shifts worked and experience; this process enabled us to better characterize the work performed at night and to predict staff characteristics associated with surveillance. Our overall analytical approach extended the method reported by Mok et al. (2015) by using the estimated factor scores as response variables in the regression analysis. Statistical analysis was performed using the computing environment R (version 3.4.0 R Development Core Team, 2017). 
| Construct validity and reliability
| Multivariable regression analysis
Healthcare staff characteristics were included in the linear predictor. Because the data structure is clearly hierarchical (staff are clustered into wards), scores of staff belonging to the same ward share the same ward-specific (random) effects and are expected to be more similar than scores randomly selected from different wards. One natural way of representing this clustered/hierarchical structure in the data is by adding an unobserved random effect to the linear predictor. Thus, the clustering dependence is modelled on the same scale as the linear predictor, a natural choice if the dependence is considered to arise from unmodelled heterogeneity due to the omission of one or more important explanatory variables. Here, we considered a linear mixed model where random effects varied across wards but-for a given ward-remained constant for all staff. Furthermore, we adopted a nonparametric maximum likelihood approach (Aitkin, 1999; Böhning, 1995) that allowed us to identify clusters of similar wards as a by-product of the estimation procedure. Formally, for each identified factor, let y iw be the score for staff i (i = 1,…,I w ) in ward w (w = 1,…,W) and x iw the set of considered covariates. We defined the following linear mixed regression model:
where β was a vector of fixed regression coefficients, ε iw was the error term and b w was a discrete ward-specific random effect that accounted for the clustered structure of the data and takes values in a finite set of, say, K values (b 1 ,b 2 ,…,b K ). The random effect can be seen as a random ward-specific intercept. The resulting likelihood function is given by
which is a finite mixture of distributions with K clusters (or components), each with probability π k ; where f() is a generic probability density function. Accordingly, wards were clustered into clusters on the basis of the estimated probabilities of having a cluster-specific intercept. We then treated the ward-specific intercept and corresponding probabilities as unknown parameters. Parameters estimates were obtained via the maximum likelihood approach by using the Expectation-Maximization algorithm. The number K of clusters is also unknown but is treated as fixed and is sequentially increased until the likelihood is maximized; model selection is performed by using widely known penalized likelihood criteria.
| E THI C S
The study received ethics approval (No 10813) Table 1 . Most were Staff Nurses (SN) (54.1%) and three quarters of the respondents had worked more than 10 night shifts in the last 12 months. Only 16% worked only night shifts. Most (67%) had more than 5 years of work experience.
| RE SULTS
| Survey responses and respondent characteristics
| Description of knowledge, beliefs and attitudes of nursing staff influencing observations at night
The responses to attitudes and behaviours regarding monitoring at night are displayed in Figure 1 . Although 46% of staff agreed that taking vital signs observations at night is very disruptive to sleep, the response that observations were more important than a good night's sleep had slightly more agreement than disagreement (29.4% vs. 23.4%), with many staff neither agreeing nor disagreeing (32.1%). There was a high level of agreement (85.1%) with the statement that scheduled observations were as important as other ward work at night. A proportion of staff agreed that it is difficult to predict which patients would require observations at night and that cardiorespiratory events are unpredictable and cannot be prevented (33% and 21.5%, respectively). The response to whether continuous electronic monitoring was thought to be more disturbing at night than staff observations was almost equivocal. The majority of respondents (79.4%) disagreed that healthcare assistants are responsible for monitoring at night.
Responses relating to behaviours when conducting observations are displayed in Figure 2 . The majority (81.6%) of staff would inform patients in advance that they would be awakened at night to take observations and 71.6% disagreed with the statement that they would do observations only if the patient was awake. Similarly, 40% disagreed with the statement that they would omit observations at the patient's request; however, 36.8% neither agree nor disagree and 47.9% agreed, that they would wake up the patient when the EWS was due. The response to waking up the patient only if they were worried was almost the same (38.3% disagreed, 33.8% agreed). In regard to relationships among and behaviour of colleagues, 62.4% disagreed that observations should be delegated to HCSWs and 62.1% agreed that they would challenge colleagues if they did not do the required observations.
Responses regarding beliefs about factors in the work environment (staffing and workload) affecting observations are displayed in Figure 3 . Only 32% of staff felt they could always or usually complete planned work on time without being interrupted, but a higher proportion (46.4%) felt there were enough staff on night duty to do scheduled patient observations on time. Regarding work completion between shifts, only 26.4% of staff felt there was always or usually too much day/twilight work left undone for the night team to pick up and 18.3% said they always or usually left necessary activities that could not be completed at night to the day shift. Covering shortages on other wards was common and was reported by 51.3% of respondents as something done always or usually. Only 16.4% of respondents felt patient acuity or dependency was always or usually too high to manage, but 47.9% felt the skill mix was only sometimes or rarely right for the work they were supposed to do at night.
Beliefs about ward efficiency at night with regard to conducting observations are displayed in Figure 4 . The majority of respondents (67.1%) agreed they could expect to be challenged by the nurse in charge if observations were not done on time at night and only 13.2% disagreed with the statement that in general, all patients who have observations scheduled after midnight have them done. There was a high level of agreement with statements concerning escalation, senior review and patient safety, with 70.9% agreeing that all patients with EWS ≥6 are escalated to the Hospital at Night team for review, 78.3% agreeing that "we are very good at ensuring the patient is reviewed in a timely way by a doctor" and 83% agreeing that they would feel "safe as a patient on my ward", knowing that a change in their condition would be quickly picked up by nurses and reviewed by a doctor.
| Dimensionality reduction and factor identification
While analysing the data we explored solutions with varying number of latent factors, taking into consideration that too many factors may not summarize the data accurately and yield poor interpretations and too few may not allow the model to represent the true underlying data structure. Our model selection was based on the F I G U R E 1 Beliefs influencing monitoring at night F I G U R E 2 Behaviours influencing compliance with EWS-scheduled observations at night trade-off between variance explanation and factors' interpretation.
In choosing the best model, we referred to the scree-plot and the interpretation of the factors, finding that the five-factor model increased the explained variance by less than 5% and decreased factor interpretation. Our chosen four-factor solution explained 60% of the overall variance without compromising interpretation. A summary of the standardized loading of the factors is presented in Table 2 .
Hoffman's index provided information on how many factors are used to explain each variable in the four-factor solution, which characterizes the core of the questionnaire. Most of the items analysed were explained by one factor only, with very few exceptions. This facilitated an even interpretation of the factors. These responses illustrate that nurses are aware of the ward practices and the importance given to completing observations on that ward; both of these items are relevant to the maintenance of a safe environment.
| Interpretation of factors
| Relationship between factors and healthcare staff characteristics
To understand how responses varied according to nurses' characteristics, we undertook regression models with the factor scores as response variables and nurses' characteristics as covariates. The results are presented in Table 3 . For all the models, one for each factor, a two-cluster mixture model is identified. Clusters are formed by homogeneous wards (in some sense) and each ward is associated to cluster k (k = 1,2) with probability π k (k = 1,2). Clusters differ by the cluster-specific intercepts b k , which can be interpreted as different propensities towards the response variable.
| Factor 1. Workload, resources and capacity
By using the Bayesian information criterion to perform model selection, i.e., to choose the number of clusters, we identified two clusters of wards concerning staff perceptions of having adequate resources and capacity to complete their required workload. All wards grouped into one cluster, with the exception of paediatric wards (π 2 = 0.117), which shows nurses' perceptions that resources and capacity on this ward were adequate to complete work on time without interruptions and to complete scheduled observations on time. In comparison with student nurses, more experienced nurses (i.e., 16-20 years of work experience) had higher scores. Higher scores from staff working on a rotational basis indicated a greater likelihood to consider resources and capacity as a crucial aspect of work. Other staff characteristics were not significant.
| Factor 2. Prioritization
The results of the analysis of the prioritization factor converged in two clusters of wards: geriatric wards (including rehabilitation) and surgical and respiratory wards. The two clusters were clearly different, as
shown by the two cluster-specific intercepts (b 1 = −0.027, b 2 = 0.637),
where wards in the second cluster were more likely to follow the EWS protocol and those in the first cluster were slightly more inclined to follow individual knowledge. With regard to nurses' characteristics and the priority of waking patients to take observations, student nurses' and midwives' responses showed an inclination to follow the protocol more than HCSWs; while those working more often at night and those working only occasionally at night had the perception that individual knowledge was more important than the protocol.
| Factor 3. Safety culture
Strategies to maintain a safety culture scored higher for nurses working more often at night and for student nurses. Nurses who work at night only occasionally or on a rotational basis, as well as HCSWs, scored lower on the items that captured how much the staff agreed with using only the EWS protocol to ensure patient safety. Wards were similar with regard to this factor, as only a few (e.g., acute medical unit and general surgery) had lower propensities (i.e., intercepts) on items about including patient escalation and following the EWS protocol.
| Factor 4. Responsibility and control
Major differences were observed for items correlating responsibility and control scores with the following nurses' characteristics: role, experience, number of wards worked in and in the frequency of night shifts. Nurse's role, the number of night shifts worked and night duty 
arrangements were associated with the perception of staff being responsible for taking observations (e.g., taking observations at night is the responsibility of healthcare assistants) and control over predicting adverse events (e.g., the belief that cardiorespiratory arrests are largely unpredictable events that cannot be prevented). Having control of tasks at night was ward-specific. Variability did not allow for clustering wards per specialty or function. The way items regarding responsibility and control were ward-specific were thus influenced by staff characteristics.
| D ISCUSS I ON
This study aimed to improve our understanding of patient surveillance during the night shift at an acute hospital and to identify the associations between staff characteristics and timely completion of vital signs observations following an EWS protocol. We designed a survey to collect staff knowledge, beliefs and attitudes concerning the night shift and the use of the EWS to complete scheduled observations. Factor analysis was used to assess and validate the theoretical construct, internal reliability and accuracy of the survey to measure factors that influence staff completion of vital signs observations during the night shift.
Descriptive analysis of the online survey revealed that 54% of staff disagreed with the statement that taking a set of vital signs observations at night is very disruptive to sleep, which is consistent with most staff agreeing that they would wake patients up to conduct observations. However, only half of the respondents agreed to wake up patients when EWS-scheduled observations were due. This behaviour may hint at staff relying on clinical judgement to follow EWS-scheduled observations during the night. Only 33% of staff agreed with the statement that it is difficult to predict which patients would require observations and 21.5% agreed with the statement that cardiorespiratory arrests are TA B L E 3 Multiple regression coefficients of healthcare staff characteristics associated with factors, with standard errors in brackets largely unpredictable events that cannot be prevented, suggesting that the role of the EWS as shorthand for the individual patient's risk of physiological deterioration leading to avoidable cardiac arrest may not be fully appreciated by all staff (Kause et al., 2004) .
When interpreting these findings, the roles played by ward factors that affect the availability of staff to complete care tasks must be considered. These factors include organization of nursing care activities, staffing levels, skill mix and workload (Hogan, 2006; James, Butler-Williams, Hunt, & Cox, 2010) . The results also showed that workload associated with overall patient acuity did not seem to be a factor affecting observations and 46.4% felt there were enough staff on the night shift to complete scheduled patient observations on time. However, 47.9% felt the skill mix was rarely or never appropriate for the work that had to be completed during the night shift. This response was contested by similar proportions of staff who responded "always" or "usually" to similar statements related to staffing. Though it might be counterintuitive at first glance, this reflects the multidimensionality of care: what is sufficient to guarantee a reasonable quality of work in general might not be when specific tasks are required, leading to prioritizing tasks and ultimately neglecting care (Ball, Murrells, Rafferty, Morrow, & Griffiths, 2014) . These seemingly mixed beliefs from the respondents require further exploration to fully understand the effect of staffing on monitoring patients at night.
There was a high level of agreement with statements concerning escalation, senior review and patient safety. The majority of respondents agree that HCSWs are not responsible for conducting observations (79.4%); however, fewer respondents indicated that observations should not be delegated to HCSWs (62.4%), which resonates with findings from studies exploring nursing staff practices of conducting observations (Wheatley, 2006) . We argue that the conflict in these responses may be due to ward characteristics related to what decisions are made when workload on the wards is too high to manage, the skills of individual HCSWs, or even the lack of clarity regarding whose responsibility it is to conduct observations (Thornley, 2000) .
The results of the factor analysis grouped survey responses into 4 factors: workload and resources, prioritization, safety culture and responsibility and control. Responses to these factors were associated with staff or ward characteristics. Regression results indicated that staff role, experience and number of night shifts worked were associated with completion of care tasks. Nurses with more years of experience (16 and 20 years) believed workload and capacity were factors that had an impact on the completion of observations at night.
However, results for nurses with more than 20 years of experience were not significant. All categories of years of experience were significant for the prioritization factor, indicating that more experienced staff based their decisions to conduct observations more on knowledge (clinical judgement) (Mann, 2012) and less on the EWS system.
Associations of shift patterns with the prioritization factor were not significant, showing that the number of night shifts worked did not play a role in decisions about completing observations. In regard to staff role, student nurses and midwives were associated with prioritization of observations at night, indicating that ward culture or practices, in addition to experience, inform decisions about conducting observations during the night shift.
This was also evident in the way that paediatric wards were the exception in the associations of characteristics with the workload and resources factors. Regression results showed that paediatric wards differed from the other wards with regard to adequate resources, implying that staff perceived that they had enough resources to complete observations. With regard to safety culture, questions about completing observations for high acuity patients, escalation to the Hospital at Night team or feeling safe on the ward because of prompt monitoring and action, were significant for student nurses, staff working mostly night shifts and staff with either low (<5) or high numbers of years of work experience (>30).
The findings reported here were examined in a qualitative study 
| LI M ITATI O N S
This study was conducted in a single hospital; therefore, the results may not necessarily be transferable to other organizations. There is also a potential bias from the way the questions were worded and the design and structure of the survey. The risk of responder bias (i.e., reluctance or inability to respond honestly and accurately) was minimized by exploring the same question in separate items.
A limitation of the analysis was that the sample was created with complete surveys only, which could also introduce bias. However, the majority of the excluded records were left almost entirely unanswered. Multiple imputation would have led to an increase in uncertainty without adding any significant information to the analysis. To strengthen the rigour of the survey for further research, we recommend undertaking convergent and discriminant validity to examine the similarities and differences of the questionnaire with other tools.
It is also recommended that structural equation modelling and confirmatory factor analysis be undertaken in a larger sample to support the generalizability of the results (Watson & Thompson, 2006) .
| CON CLUS ION
The widespread implementation of EWS protocols, along with its reported impact on patient outcomes thanks to early identification of deterioration (Alam et al., 2014; McNeill & Bryden, 2013) , highlights the relevance of this study to health organizations in contexts outside the UK, especially when evidence suggests that at night, patients are not being monitored with the frequency indicated by the protocol. The results of this study revealed the multiple factors involved in the decisions made by staff to complete observations at night-time following the EWS. The fact that staff and ward characteristics play a role in the decision to complete observations raises the need to review the surveillance protocols in medical and surgical wards where foregoing observations may be compromising patient safety. In addition, ward heterogeneity may influence nurses' surveillance attitudes and behaviours. Missed observations may be due not only to workload and resources but also to nurses' roles and responsibilities on the ward. Role, experience and shift arrangements can all affect care at night, leading to subjective provision of care and/or to a lack of patient monitoring.
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